ABSTRACT
INTRODUCTION
In the first part of the present research [1] 6.728 insulators were analyzed at the High Voltage Laboratory of the Federal University of Itajubá -1.934 of which were 15 kV class insulators and the remaining 4.794 25 kV class insulators. Considering transport issues, identification and other problems, 5.615 units were identified as being in test conditions, and of these, a further division was made of 1.443 15 kV class insulators and 4.172 25 kV class insulators. [1] presents the success and error indexes of the noise detector applied during the field inspections. It was observed that, in spite of the high success index for damaged insulators ranging from 90% to 70%, for noise levels between 0 and 10 dB, no similar correlation with respect to the success index for undamaged insulators was obtained, which, at its best, reached 40%. One possible source for this mismatch was the influence of the weather conditions, which calls for further investigation. This paper discusses the influence of the weather conditions on the results of the noise detection during the field inspection of porcelain pin insulators and the correlation of the laboratory results based on a two-year field campaign involving 4.781 insulators, of which 1.129 were 15 kV class insulators and the remaining 3.625 25 kV class insulators. Finally, some further discussion on the possibility of improving the efficiency of the present set of techniques is also addressed.
RESEARCH METHOD
The steps applied to develop this research [1] considered:
1. Field inspections 2. Laboratory tests 3. Results analysis.
Field Inspections
The first part of the present research considered only high outage rate feeders. However, the second part of the research, aiming at determining the influence of the weather conditions, considered all the feeders. The maintenance crews frequently observed that when at least one insulator on a pole presented a doubtful withstanding condition there is at least one outage during daily rain activity. The second part of the research took into account some techniques previously developed to increase the area coverage and extend the inspection task. Therefore, during the second part of the research, the inspections were first carried out with the radio interference detector, the M 242 antenna tuned to 40 MHz, installed on a car roof, driven through parallel roads, close to the medium voltage lines. Once a noise was detected, the pole was closely inspected by means of a radio interference antenna. All insulators of a chosen pole were removed and substituted by the equivalent post units and sent to the High Voltage Laboratory of the Federal University of Itajubá to be tested. The insulator manufacturer, manufacturing year, main design, position on the feeder and on the pole were recorded. A special data base was built up and finally, all the "in condition" insulators were submitted to laboratory testing. As a result, approximately 19.2% of insulators that could be considered as being undamaged were tested at the high voltage laboratory. This figure was higher if compared to the first part of the research [1] , in which 11.22% of undamaged insulators were removed and tested at the high voltage laboratory. This explains part of the differences observed in these two research studies between the success and error indexes of the detector antenna. In order to try to avoid some previous drawbacks [1] , the present research considers ground measurements of relative air humidity, local temperature, and wind speed. There may be some dissent about the fact that all the weather measurements were taken from the ground and no pole height correction factor was considered. However, as a field procedure, normally carried out by non-skilled personnel, this is the most practical solution.
The noise level, weather conditions and results of the laboratory performance tests were the basis for the definition of the final recommended inspection procedure, mainly for defining the cutting limit for the noise level.
Laboratory Tests
The insulators sent to the laboratory were submitted to the following tests, as per the Brazilian National Standard NBR 5049 [4]:
1. Visual inspection 2. Wet tests -Power frequency withstanding 3.
Step impulse test -20 discharges
The step impulse tests were applied only during the first part of the present research [1] . The application of these tests was discontinued due to two factors: the first was the complete absence of insulator failure that could be associated to improved performance. Insulator failures in these tests were common in the past. However, to solve this, much research work has been done in the last decades. The second factor is associated to a lower impulse rate rise of 1.000 kV/µs; however this is a test-equipment limitation impossible to be solved with the present laboratory facilities. The visual inspection considers the bulk analysis of the insulator, checking for imperfections. Non approved insulators were not submitted to the wet tests and were discarded. The aim of the wet test is to determine the leakage current levels and insulation failure -disruptive discharges that can be attributed to poor insulator field performance. During this test partial disruptive discharges can occur, where the test sample is bridged by a low energy power arc, and the voltage between the sample terminals is reduced to zero or close to zero. Depending on the characteristic of the test circuit and of the test sample, dielectric strength recovery is possible. For this research that was not considered as being a failure. The insulators were tested without considering the removal of the any existing pollutants [1, 4, 5 and 6] .
Analysis of Field Results
During the two years of the last part of this research 79% of readings present noise values higher than 0 dB -1μV. At the same time, only 36% of readings present a noise level equal or higher than 15 dB-1μV. Finally, in 95% of the field measurements the noise level was lower than 50 dB-1μV. This is a clear indication that noise is a common characteristic in pin insulators. This is observed during some laboratory tests using damaged and undamaged pin insulators and an M 147 detector. This detector is attached to an insulated rod and can be directed and positioned close to the pin insulator. For damaged insulators is s possible to detect noises at distances of up to 10 meters. However, for undamaged insulators noises are detected only at distances shorter than 1 meter or less. Roughly, 100% of the inspections were carried out with temperatures higher than 10 ºC and relative humidity higher than 20%. The weather was considered windy during most field inspections. The wind speed was higher than 25 km/h in only 5% of the cases, and in the majority of cases the inspections were carried out with wind speed lower than 10 km/h. In terms of temperature, 80% of the field inspections were carried out in a range of 20 to 35ºC, during the first year of the last part of the present research, and in a range of 25 to 40ºC during the second. However, most of the inspections were carried out in a temperature range of 20 to 35ºC.
In the first year of the last part of this research 60% of the inspections were carried out under a relative humidity range of 30 to 60%. However, during the second year, for 80% of the cases the relative humidity range was 20 to 50%. During the last part of the present research the inspections were not carried out in similar wind speed conditions. During the first year 85% of the inspections were carried out with the wind speed ranging between 3 and 15 km/h. During the second year the wind speed ranged between 0 and 15 km/h with 36% of the cases between 0 and 3 km/h. For practical reasons it is possible to assume that weather conditions, temperature, relative humidity of the air and wind speed were reasonably random. Finally, comparing with meteorological standard data, it was possible to verify that the collected information is well aligned with the yearly expected limits for these parameters. Therefore, it is possible to consider that the collected data can be used to properly verify influence of the seasonal weather variation on the results of the field inspection of the pin insulators.
FIELD INSPECTIONS AND LABORATORY TEST CORRELATIONS
The results of the field inspections and the laboratory tests can be analyzed considering two conditions. The first condition considers all the insulators removed after the field inspection and laboratory tests as being the universe of analyses [1 and 7] . The second considers the same number of samples, however divided into two sets: one with the samples that have a noise level higher than the "noise limit level" -the level beyond which the inspected insulator is considered damaged -the real object of the field inspections, and the other with the samples that have a Prague, 8-11 June 2009
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noise level equal or lower than the "noise limit level" [7] . Table 2 presents the success and error indexes of the noise detector antenna applied during the new field inspection campaign without considering any influence of the weather conditions [7] . The field weather conditions, as previously reported, temperature range of 15 to 40 ºC, relative air humidity range of 20 to 75% and wind speed range of 0 to 15 km/h do not have any apparent influence over the success and error indexes. For the "noise limit level" of 0 dB -1μV the success index is 69% and 18% for 50 dB -1μV, basically the same if the weather condition is not taken into account as shown by Table 2 . This partially confirms that there is no strong influence of the weather parameters in the proposed process for field inspection of pin insulators. However, a comparison of results in Tables 1 and 2 may create some doubts regarding the detection efficiency. As defined, these indexes consider the distribution of damaged and undamaged insulators in the universe of insulators removed from the field and also the positive and false positive indications [1] . The impact of a larger number of undamaged insulators is higher due to the fact that the success indication index for undamaged insulators is very poor. The difference between the number of undamaged insulators in the first and second part of the present research if taken into account to compute the technique success and error indexes, which indicates a 5% efficiency difference. An additional explanation could be the relative number of insulators in respect to the voltage class. The number of 15 kV class insulators in the second part of the present research represents only 58.4% of the total number of insulators inspected during the first research [1] . Finally, it is necessary to consider, as observed during the past years, that there exists a trend for better efficiency at lower voltage levels. However, considering that the main objective of the field inspections is to detect damaged insulators and that, virtually, all undamaged insulators were removed from the pole for visual aesthetic reasons; it is possible to carry out an analysis only of the damaged insulator set. The result of this analysis without consideration the weather influence is shown in Table 3 . Table 4 shows the same analysis considering the influence of the previously defined weather conditions. The comparison of the global indexes in Tables 3 and 4 clearly shows that the weather conditions, recorded during the two years of the second part of the present research, do not have any meaningful influence in the detection of damaged insulators. Considering the entire insulator set, made up of damaged and undamaged insulators, it becomes clear that the weather conditions do not affect the final field inspection results. However, as previously discussed, the poor performance related to the detection of undamaged insulators reduces the success indication, for instance, for 0 dB -1μV from 85% to 70%. Finally, considering the present results, the set composition and also the pole visual restrictions, a successful indication of 70% for a relatively simple field procedure is quite satisfactory. Prague, 8-11 June 2009
One final discussion must be addressed and this is related to the very satisfactory performance regarding the successful indication for damaged insulators of 15 kV voltage class as shown in Tables 3 and 4 . First, the weather appears to play an important role in the detection, mainly for noise levels below 5 dB -1μV. This can the associated to the noise ratio due to damaged insulators and induced noise due to wind, for instance. Second, during the second part of the present research, mainly during the second year, the number of 15 kV insulators removed from the field was low and this could be the reason for the slight increase of the indexes observed in Tables 3 and 4 when compared to the success index for damaged 25 kV voltage class insulators once there exists a balance between the increase in the success indication index versus the reduction of the sample numbers in the undamaged insulator set.
Considering that the objective of this research is to define a threshold limit for the noise level that defines the boundary between damaged versus undamaged pin insulators, from Tables 1 and 2 it is possible to observe that 0 or 5 dB -1μV can be considered suitable values. However, from laboratory tests using the M 147 detector, as discussed, it is possible to assume that pin insulators are "natural" noise sources. Resulting from these two observations [1] :
"Remove any insulator that presents measurable noise during field inspections"
From Tables 3 and 4 , which consider only damaged insulators, it is possible to observe the weather influence in the detection of 15 kV Class pin insulators, for noise levels lower than 0 dB -1μV. However, disregarding the voltage class and Global Indexes, the result is basically independent from any weather influence. In this case, the choice of a threshold limit must consider the tests undertaken with the M 147 detector and also the fact that an increase in the threshold limit would result in leaving damaged insulators in the network. Therefore, the 0 dB -1μV choice, as previously stated, is the most suitable one. Finally, an important fact that must be taken into account is that "the background noises increase with the voltage level". This, therefore, could be responsible for a further reduction of the success indication observed for 25 kV voltage class insulators. In lower voltage levels the insulator noises are usually well defined and also clearly detected. This means that there is a natural difficulty in applying the present field procedures in lines above 36.2 kV.
FINAL COMMENTS
This paper presents the minimum requirements for the inspection of porcelain pin insulators using the ultrasonic detector antenna Ultraprobe 2000 manufactured by UE Systems, Inc.. The application of other detectors, considering possible differences in signal detection and processing, must be object of further analysis. The possibility of reproduction of the field inspections was verified by comparing the inverse duration curves and also taking into account that in 95% of the records the noise level was lower than 50 dB -1μV. This research considered insulator groups containing over 1.000 units. However, during the second year of this research, for 15 kV voltage class insulators, the reduced number of insulators resulted in some drawbacks during analysis, which may not reflect field behavior correctly. Therefore, whenever possible, dealing with reduced number of insulators should be avoided. The preliminary performance of some feeders with sufficient time to permit a comparison before and after the insulators is being processed and, in the present case it was verified a reduction on the line outages of 56% [7] . The yearly weather conditions in southern Brazil, with a temperature range of 15 to 40 ºC, relative air humidity range of 20 to 75% and wind speed of 0 to 15 km/h do not affect the results of the field inspection of damaged porcelain pin insulators using ultrasonic detectors. Some concerns may arise from the results observed for the 15 kV class pin insulators. However, considering only damaged insulators and the "noise limit level" of 0 dB -1 μv, a success indication of 85% is expected, regardless whether the insulator voltage class is 15 or 25 kV. Considering the full four-year research period involving the field and high voltage laboratory inspection regarding the operational condition of 11.509 insulators, it is recommended that further research be carried out on the reasons why undamaged insulators are difficult to be detected. Another important point that must be stressed is related to the upper voltage limit for the application of the present method and field procedure. Considering some preliminary results, 36.2 kV can be considered to be the limit at this point of time. However this must be confirmed and according to some initial discussions this limit may be further extended to 145 kV.
